Purpose: Reverse-transcriptase PCR (RT-PCR) assays for carcinoembryonic antigen (CEA) have been described to identify lymph node micrometastases. These assays are not quantitative and can be confounded by false-positive results. The purpose of this study was to determine whether quantification of CEA in lymph nodes could more readily identify clinically relevant groups.
INTRODUCTION
Colorectal cancer is the second leading fatal malignancy in the United States. The probability of cure is directly related to the stage of the cancer when it is removed by surgery. In stage I disease (Dukes' stage A, B1, or T 1-2 N 0 M 0 ), ϳ10 to 15% of patients will have a recurrence of the cancer. This recurrence rate increases to 25% in stage II disease (Dukes' stage B2, or T 3 N 0 M 0 ), and 65% in stage III (Dukes' stage C, or T 1-4 N 1-2 M 0 ; Ref. 1). Recurrence of cancer in patients without identifiable metastases has been thought to be due to residual cancer in an occult or microscopic stage. Detection of lymph node metastases in patients with colorectal cancer is clinically important because these patients have been shown to have improved survival if they are treated with postoperative adjuvant chemotherapy (2) .
Detection of carcinoembryonic antigen (CEA) and other tumor marker mRNA transcripts by use of reverse transcriptase-PCR (RT-PCR) techniques has been reported to identify micrometastatic disease in lymph nodes that appear histologically benign. This has been reported to identify patients at increased risk for cancer recurrence in some (3, 4) , but not all studies (5) . One difficulty with this procedure is the frequently reported identification of CEA-positive transcripts in bone marrow, lymph nodes, and blood from patients with nonneoplastic disease (6 -9) . This may result from contamination that occurs during specimen collection. Alternatively, this may be due to very low levels of normal intestinal epithelial cells released into the blood or lymph circulation, or to low-level "illegitimate transcription" by nonepithelial cells (10, 11) . Furthermore, standard RT-PCR assays are not quantitative, and the prognostic importance of low-level micrometastases may be quite different from the implications for patients with higher levels of PCRdetectable cells (6) .
This study was designed to determine the relationship between CEA detected in lymph nodes by immunohistochemistry and by a highly sensitive nested RT-PCR analysis with a quantitative measurement of CEA transcripts determined by real-time PCR (12) . We found that nested RT-PCR detected CEA transcripts in some lymph nodes from patients with benign or nonneoplastic colon disease and that these CEA transcripts were below the level of detection of a quantitative PCR technique. High levels of CEA transcripts were found most frequently in patients with more advanced histologic disease and in those with established nodal metastases. Immunohistochemistry rarely identified any patient with histology-negative disease. These data suggest that quantification of CEA levels in lymph nodes may more accurately identify patients at risk for cancer recurrence than either immunohistochemistry or routine nested PCR.
MATERIALS AND METHODS
Specimen Collection. Specimens of primary colorectal cancers and lymph nodes were collected at the time of surgery in a prospective fashion with methods designed to avoid contamination between specimens, as described previously (13) . Sterile instruments and gloves were used to dissect all lymph nodes out of the pericolic fat, with care given to avoid contact with the primary tumor and normal mucosa. All identifiable lymph nodes were bisected, and half were preserved at Ϫ70°C for RNA isolation and the other half placed in formalin for hematoxylin and eosin histochemistry and immunohistochemistry analyses. Gloves and scalpel blades were then changed, and a representative section of the primary tumor was harvested and frozen immediately at Ϫ70°C; the remainder of the tumor was placed in formalin. Cancers were staged after surgical and pathology analysis according to the TNM classification by the American Joint Committee on Cancer (14) . This consisted of mRNA Isolation. Total cell RNA was extracted from sample tissue by cell lysis with Trizol reagent (Life Technologies, Inc., Rockville, MD), as we have described previously (15) . Approximately 50 to 100 mg of frozen tissue were used for each assay. Extraction of total RNA was performed according to the manufacturer's protocol, with an expected yield of 100 g of RNA from each sample. The RNA was evaluated for quality by electrophoresis and ethidium bromide staining. All RNA samples were treated with DNase before RT-PCR processing to eliminate any potential genomic DNA. RNA was quantitated by spectrophotometry.
DNA Sequencing. Representative nested PCR products were run on a 1% agarose gel and stained with ethidium bromide. The products were excised from the gel, isolated by use of Geneclean II (Bio101, Vista, CA), and sequenced by the Sanger dideoxy-mediated chain termination method (16) using Fmol DNA Cycle Sequencing System (Promega, Madison, WI).
CEA mRNA Standard Curves. For these experiments the CEA-expressing carcinoma cell line HTB-174 and the CEAnegative fibroblast cell line NIH/3T3 (American Type Culture Collection, Rockville, MD) were cultured to near 80% confluence, washed with sterile PBS solution, trypsinized, centrifuged, washed, and quantitated with a hemocytometer. CEA-expressing cells (10-fold serial dilutions) were mixed with 10 7 NIH/3T3 cells (background cells), and total cellular RNA was extracted (15) . In addition, a standard source of CEA cDNA was made for standardization of assays. A human CEA pBluescript plasmid (587150 Z017C08.R1; ATCC no. 745558R) was obtained from the American Type Culture Collection. This was transformed into Escherichia coli DH5␣ competent cells (Invitrogen Life Technologies, Inc., Carlsbad, CA) according to the manufacturer's protocol, and the E. coli were incubated overnight on agar plates selective for ampicillin resistance. Individual colonies were selected and grown in LB medium containing ampicillin. The plasmid DNA was isolated by use of the Wizard Plus Midiprep kit (Promega). We transcribed the RNA from the purified DNA, using the RNA polymerase as recommended by the manufacturer. RNA was quantified by spectrophotometry and stored at a concentration of 6 ϫ 10 10 copies/mL. Dilutions of this standard and of RNA purified from HTB-174 cells were used to prepare cDNA.
Preparation of cDNA. Total cellular RNA was reverse transcribed with the Gene-Amp system (PE Corporation, Norwalk, CT) with random hexamer priming, as described previously (13) . Briefly, random hexamers (2.5 mmol/L) were annealed to 5 g of total RNA for 10 minutes at 25°C. Reverse transcription (Multiscribe Reverse Transcriptase; PE Corporation) was performed for 30 minutes at 48°C, followed by enzyme inactivation at 95°C for 5 minutes.
Standard RT-PCR. Standard RT-PCR for CEA was performed with a nested PCR approach, as described previously (15) . In brief, CEA primers that spanned a 160-bp fragment of the CEA open reading frame were synthesized and purified commercially (Genosys Biotechnology, Woodland, TX). Primer sequences used were as follows: primer A, 5Ј-TCTGGAACT-TCTCCTGGTCTCTCAGCTGG-3Ј; primer B, 5Ј-TGTTAGC-TGTTGCAAATGCTTTAAGGAAGAAGC-3Ј; and primer C, 5Ј-GGGCCACTGTCGGCATCATGATTGG-3Ј. Because the two reactions share one primer, this method is also called a For second-round PCR, 1 L of the first-round PCR product was subjected to 30 cycles of PCR at 95°C (1 minute), 69°C (1 minute), and 72°C (2 minutes), using primers B and C. Final extension was again performed at 72°C for 10 minutes. For analysis of PCR products, 10 L of PCR product were analyzed by 2% agarose gel electrophoresis, with ethidium bromide staining used for PCR product analysis. In initial experiments, the 131-bp PCR product was eluted, and its identity was confirmed by sequence analysis. Analysis of serial dilutions of CEAexpressing HTB-174 cells indicated that the lower detection limit of this assay was 1,000 to 10,000 HTB-174 cells in 1 ϫ 10 7 NIH3T3 cells, or 1 CEA-expressing cancer cell in 1,000 to 10,000 fibroblast cells.
Similarly, standard RT-PCR for actin was performed with a single-round PCR approach, as described previously (15) . This was performed on all samples initially to confirm the presence of viable mRNA. Previous studies have determined that the quantity of actin mRNA does not differ significantly among lymph node samples (15) .
Quantitative CEA RT-PCR. For quantitative RT-PCR, a TaqMan probe and primer set for CEA was constructed with the PE Biosystems primer design software (PE Biosystems, Foster City, CA). The TaqMan probe was obtained commercially (PE Biosystems). Primer sequences spanned intron-exon junctions to avoid contaminating quantitative RT-PCR product with genomic DNA. To confirm the total gene specificity of sequences derived for primers and probes, we performed BLASTn (National Center for Biotechnology Information, Bethesda, MD) searches against dbEST and the nonredundant set of GenBank, European Molecular Biology Laboratory, and DNA Data Bank of Japan database sequences. In a 50-L PCR reaction (final volume after cDNA was added), components included 1ϫ TaqMan buffer; 200 mmol/L each of dATP, dCTP, dGTP, and dTTP, and dUTP; 5 mmol/L magnesium chloride, 1.25 units of AmpliTaq Gold (PE Biosystems); 0.5 units of AmpErase uracil N-glycosylase (PE Biosystems); 200 nmol/L 5Ј primer (5Ј-GAGGCTCCTGCTCACAGCC-3Ј), 200 nmol/L 3Ј primer (5Ј-TCAATAGTGAGCTTGGCAGTGG-3Ј), and 100 nmol/L TaqMan probe (5Ј-CACTTCTAACCTTCTGGAAC-CCGCCC-3Ј). We then added 200 ng of cDNA and subjected the mixture to the following cycling conditions in the PE Biosystems Prism 7900HT: 50°C for 2 minutes, 95°C for 10 minutes, and 45 cycles at 95°C for 30 seconds, at 68°C for 30 seconds, and at 72°C for 60 seconds. Each assay included a standard curve (described previously) and no-template control. Samples were processed in triplicate. Products were confirmed by 2% agarose gel electrophoresis with ethidium bromide staining.
In initial experiments, the expected 69-bp product was also eluted from the agarose gel, with its identity confirmed by sequence analysis. For data analysis, fluorescence emission from the reporter dye (6-carboxyfluorescein), a covalent modification to the 5Ј end of the TaqMan probe, exhibited peak fluorescence emission at 518 nm. A charge-coupled-device camera on the PE Biosystems Prism 7900HT instrument collected the laser-excited emission from each sample for realtime analysis of data. With the threshold cycle defined as the fractional cycle number at which the fluorescence increases with respect to background, the relative amounts of mRNA were calculated. Where appropriate, results are reported as mean Ϯ SEM.
This assay is slightly more sensitive than the standard nested RT-PCR assay, with CEA quantifiable in samples containing as low as 1000 metastatic cells in 1 ϫ 10 7 fibroblast cells (15) . This typically corresponded to a threshold cycle of less than 42. The coefficient of variation for triplicate reactions was less than 10%. The coefficient of variation between assays was also less than 10%.
For quantitative analysis of the number of CEA-expressing metastatic tumor cells per lymph node sample, standard curves were created from serially diluted CEA-expressing cells in a background of CEA-negative fibroblast cells as described previously (15) , and from serially diluted purified CEA transcripts. Regression analysis of standard curves from both the cell line and the purified CEA transcripts indicated a highly correlated linear relationship between starting quantity and threshold cycle 2 is equal to ϳ9,578 HTB-174 cells per sample, which corresponds to a threshold cycle of 40. This is close to the lower limit of sensitivity for this assay. A CEA transcript number of 1 ϫ 10 5 is equal to ϳ9.47 ϫ 10 6 HTB-174 cells per sample. Quantities above this number are approximate and near the maximal quantification for this assay. A quantity Ն1 ϫ 10 2 transcripts per specimen was considered a "high" level, because a previous study by Miyake et al. (17) found that CEA in lymph nodes quantified by real-time PCR was, on average, 10 2 transcripts per specimen and that the CEA level was always above this level in clinically significant, histologically positive nodes.
Immunohistochemistry. The streptavidin-peroxidase technique was used as described previously (18) . Briefly, tissue sections were deparaffinized, rehydrated, incubated with fresh 3% hydrogen peroxide in methanol for 10 minutes, and then washed with PBS. Antigen retrieval was performed by high-pressure heat denaturation using a sodium citrate buffer in a pressure cooker at 15 psi for 5 to 10 minutes. Normal rabbit serum (5%) in 1% milk was applied for 20 minutes and removed by blotting. The sections were then incubated with a mouse monoclonal antibody against CEA (clone 11-7; Dako Corporation, Carpinteria, CA) for 90 minutes at room temperature, washed three times in buffer, and incubated with a biotinylated secondary antibody (rabbit antimouse IgG; 1:75 dilution in PBS) for 20 minutes. After washing, the sections were incubated with streptavidin-peroxidase conjugate (10 g/mL) for 30 minutes, followed by repeated washing. The sections were incubated with diaminobenzidine in 0.03% hydrogen peroxide for 10 minutes, washed, counterstained with methyl green, rinsed in tap water, and mounted. Positive immunoreactivity was graded as any positive staining in cytologically malignant cells. Biotinylated rabbit antimouse IgG, streptavidin-peroxidase conjugate, and normal rabbit serum were obtained from Zymed Laboratories (San Francisco, CA). Diaminobenzidine was obtained from the Sigma Chemical Co. (St. Louis, MO). Negative controls included substituting similar dilutions of irrelevant antibodies for the primary antibody, which gave negative staining.
Statistical Analysis. Variables are summarized using means and SEM as appropriate. Differences between groups were determined by use of contingency tables and 2 analysis. All comparisons were two-tailed and a P value Ͻ0.05 was considered significant. The Prism v. 2.0 statistical software was used (GraphPad Software, Inc, San Diego, CA).
RESULTS
Specimens from 64 patients having colon resections were analyzed, and the characteristics of these patients are listed in Table 1 . From these specimens, 400 lymph nodes were studied by RT-PCR analysis using nested primers for CEA sequences (mean, 6.2 nodes per case). Patients were classified as followed: colon cancer and histology-negative lymph nodes T 1 N 0 (n ϭ 4), T 2 N 0 (n ϭ 13), T 3 N 0 (n ϭ 16); colon cancer with histologypositive lymph nodes T 1-4 N 1-2 (n ϭ 24); and patients with nonneoplastic disease (n ϭ 7). Specimens were processed by RT-PCR using nested primers for CEA. For 59 patients, the specimens that were positive by nested RT-PCR were further quantified by a real-time PCR assay (PRISM 7900HT; Perkin-Elmer), using a standard curve calculated from CEA-positive HTB-174 cancer cells and purified CEA transcripts.
The percentages of lymph node samples that were positive by nested RT-PCR in each patient category are listed in Fig. 1 . CEA was detected by nested RT-PCR analysis in 4 of 34 (11.8%) nodes of nonneoplastic disease. The four CEApositive nodes were from a specimen with colonic volvulus; nodes from patients with diverticular or hyperplastic disease were negative. In colon cancer specimens, CEA was detected by nested RT-PCR in 2 of 13 (15%) nodes from T 1 N 0 patients, 32 of 81 (40%) nodes of T 2 N 0 patients, 49 of 109 (45%) nodes from T 3 N 0 patients, and 92 of 163 (56%) nodes from T 1-4 N 1-2 patients. The frequency of any RT-PCR-detectable CEA in nodes was significantly higher in patients with histologically positive nodes and patients with T 3 N 0 and T 2 N 0 disease compared with nodes from patients with nonneoplastic disease (Fig. 1) .
The overall presence of any RT-PCR-detectable CEA in nodes did not differentiate patients in the T 1 N 0 , T 2 N 0 , T 3 N 0 , and T 1-4 N 1-2 groups. In T 1 N 0 patients, 2 of 4 patients had at least one positive node; of T 2 N 0 patients, 10 of 13 had at least one positive node; of T 3 N 0 patients, 11 of 16 had at least one positive node; and of T 1-4N 1-2 patients, 19 of 24 had at least one positive node. Of the histology node-positive stage III patients in this study, RT-PCR identified CEA micrometastases in 6 of 11 patients who each had five or fewer nodes available for RT-PCR analysis, whereas CEA transcripts were detected in one or more of examined lymph nodes from 13 of 13 patients who each had six or more nodes available for analysis.
We determined the quantity of CEA in 125 lymph node specimens with a positive CEA signal determined by nested RT-PCR. As shown in Fig. 2 , CEA levels in nodes of patients with nonneoplastic disease were extremely low and not detectable by real-time PCR, or they represented false-positive results. CEA levels were quantifiable in only one positive node from a 4 Ϯ 8400). In contrast, higher mean CEA transcript levels were found in patients with T 3 N 0 (6.3 ϫ 10 5 Ϯ 5 ϫ 10 5 ) and T 1-4 N 1-2 disease (2.2 ϫ 10 5 Ϯ 7 ϫ 10 4 ). The majority of CEA levels in nodes from T 1-4 N 1-2 patients were Ն10 2 transcripts (Fig. 3A) . Using the quantity of Ն1.0 ϫ 10 2 transcripts to designate high levels of CEA in nodes, we found that 0 of 7 patients with nonneoplastic disease, 1 of 4 (25%) patients with T 1 N 0 cancers, and 3 of 13 (23%) patients with T 2 N 0 cancers had any lymph nodes with high levels of CEA transcripts; whereas 4 of 13 (31%) patients with T 3 N 0 cancer and 10 of 22 (45%) patients with known metastases had lymph nodes with high levels of CEA transcripts (Fig. 3B) . Among the patients with T 1-4 N 1-2 or stage III disease, more nodes from patients with N 2 disease had high levels of quantified CEA (31 of 51; 61%) compared with nodes from patients with N 1 disease (7 of 17; 41%).
Immunohistochemical analysis was also performed on serial sections of nodes examined by histochemistry with a monoclonal antibody against CEA. Good correlation of CEA-positive staining with lymph nodes previously identified as histologically positive was observed. In contrast, only one patient categorized as having histologically negative nodes (T 3 N 0 ) had positive staining of a lymph node for CEA antigen (Table 2 ). This consisted of one single foci of tumor thrombus in the periphery of a lymph node (Fig. 4) . This single patient also had one of four lymph nodes with detectable CEA mRNA at a level of 6.7 ϫ 10 4 transcripts [see Table 3 , stage II (T 3 N 0 ) patient 7]. The clinical outcomes of patients with stage I and II nodenegative colorectal cancer are listed in Table 3 . There was no correlation of cancer recurrence or overall mortality with the lymph node findings in this small group of patients. Only 1 patient of 31 evaluable patients had a clinical recurrence of colorectal cancer with liver metastases, and this patient was not identified by the presence of CEA in resected lymph nodes [ Table 3 , stage I (T 2 N 0 ), patient 3]; this patient also had longstanding ulcerative colitis.
DISCUSSION
The standard technique used to evaluate lymph nodes for the presence of metastases from solid tumors is light-microscopic assessment of paraffin-embedded tissue stained with hematoxylin and eosin. Since the 1980s, investigators have used various techniques in an attempt to improve the detection of metastatic cells in lymph nodes. Results from studies using immunohistochemistry to increase the prognostic accuracy of staging in node-negative colorectal carcinoma have been contradictory (19 -24) . More recently, sensitive RT-PCR techniques have been used as a method to detect cancer metastases in lymph nodes, bone marrow, and blood (25) . These techniques use RNA purified from the clinical specimen, which is then reverse-transcribed to cDNA, and then use PCR to amplify a specific tumor marker sequence. To maximize sensitivity, most of these PCR techniques involve the use of nested primers and two successive rounds of 25 to 40 cycles of amplification. Several studies in relatively small numbers of patients have reported that nested RT-PCR methods frequently detect cancer micrometastases in lymph nodes of patients with colorectal cancer. Mori et al. (26) detected CEA mRNA in 47 of 87 histologically negative lymph nodes from 13 patients with colorectal cancer, whereas CEA was not detected in 15 lymph nodes from patients without colorectal cancer. The use of this RT-PCR technique increased the positive lymph node rate from 26% by histologic examination to 66% by RT-PCR. Leifers et al. (3) analyzed 192 lymph nodes from 26 patients with stage II colorectal cancer, using a CEA-specific nested RT-PCR. CEA transcripts were detected in one or more lymph nodes from 14 of 26 patients (54%). In this group of patients, the presence of CEA transcripts in lymph nodes was associated with a higher rate of cancer deaths. Bernini et al. (13) used a nested RT-PCR technique to detect MUC2 mucin transcripts in lymph nodes from patients with colorectal cancer. They found MUC2 transcripts in nodes from 1 of 16 (6%) patients with stage I colorectal cancer (T 1-2 N 0 ) and in 11 of 27 (41%) patients with stage II colorectal cancer (T 3-4 N 0 ). Similarly, Futamura et al. (27) found that 102 of 202 (50.5%) lymph nodes from 13 colorectal cancer patients with histologically negative nodes were positive for CEA and/or cytokeratin-20 using RT-PCR.
Studies using RT-PCR have also been criticized as being prone to false positives or illegitimate expression, and not all studies have demonstrated any prognostic significance (6) . For example, Zippelius et al. (7) found that 5 of 19 control patients without cancer had CEA transcripts detected by RT-PCR in the bone marrow. Similarly, Bostick et al. (8) found CEA detected In this study we used a very sensitive nested RT-PCR technique to detect CEA mRNA and showed that CEA transcripts are increasingly detected in lymph nodes of primary cancers with increasing T stage. However, CEA transcripts were also found in nodes from some patients with nonneoplastic disease and in patients with stage T 1 N 0 cancers, which are not expected to represent clinically significant micrometastases. We also found CEA transcripts in greater numbers of histologic node-negative patients than previously reported by others (3, 13) . The relevance of these standard nested RT-PCR results was clarified by the use of quantitative RT-PCR. The quantitated CEA transcript level in nodes from patients with nonneoplastic disease and stage T 1 N 0 cancers was low to undetectable, indicating that these nested-PCR-positive samples may represent illegitimate transcripts, "normal" epithelial cells, or RNA that escape into the lymph circulation, or they may represent lowlevel contamination from collection procedures. Conversely, patients with histologic metastases frequently have high levels of CEA transcripts measurable in lymph nodes. Interestingly, 31% of 14 patients with T 3 N 0 cancers were found to have similarly "high" CEA transcript levels in resected lymph nodes. We speculate that these patients are at increased risk for cancer recurrence compared with comparable patients with low to nonquantifiable CEA transcript levels. No clinical cancer recurrence or metastases occurred in our small group of patients with T 3 N 0 disease over a mean follow-up of 36 months, and five of these patients died from apparently unrelated causes. Further study of larger cohorts of patients with stage II colorectal cancer without comorbid diseases will be required to demonstrate the clinical utility of this assay for predicting cancer recurrence. Given the preliminary results in the present trial, over 100 patients with stage II colorectal cancer would need to be studied to have 80% power to detect a 20% difference in survival.
The CEA transcript levels found in lymph nodes of patients with colorectal cancer in this study were similar to the levels reported in a small number of nodes studied by Miyake et al. (17) . They used a variant of real-time PCR that included nonspecific DNA-binding fluorescent dyes and used a CEAexpressing cell line as a standard control. They found that the CEA transcript level in 16 histologically positive nodes were all greater than 1 ϫ 10 2 transcripts and ranged from 1.3 ϫ 10 3 to 5.7 ϫ 10 6 transcripts; they found a somewhat lower level in 10 nodes that were histologically negative but RT-PCR positive (2.3 ϫ 10 1 to 8.1 ϫ 10 5 transcripts). A disadvantage of this study is the lack of specificity because of the requirement for an additional step of double-stranded DNA-based fluorescence melting curve analysis. The technique in the present study used a CEA-sequence-specific probe for the quantitative RT-PCR.
We did not find CEA by nested RT-PCR in all patients with histologically positive lymph nodes. This could be because we sampled many fewer nodes by RT-PCR than by routine histology. Of the histologic node-positive stage III patients in this study, RT-PCR identified CEA micrometastases in 6 of 11 patients who each had five or fewer nodes available for RT-PCR analysis, whereas CEA transcripts were detected in one or more of examined lymph nodes from 13 of 13 patients who each had six or more nodes available for analysis. Another limitation of this study is that nodes less than 5 mm in diameter were not sampled for RNA analysis because of difficulties in handling such small specimens. Previous studies have shown that small lymph nodes are just as likely as larger nodes to contain histologic metastases (28) . Furthermore, many histologic studies have shown that at least 12 nodes per resection is a minimum number to find or exclude metastases (29, 30) . Therefore, sampling error can contribute to finding nodal metastases, and future studies using RT-PCR techniques should also attempt to sample at least 6 nodes and preferably up to 12 nodes per resection.
We found that use of immunohistochemistry to detect CEA in serial sections of lymph nodes identified micrometastases in one patient categorized as T 3 N 0 . Previous studies have shown that simply reexamining original or re-cut hematoxylin-andeosin-stained nodes can identify additional metastases in 5 to 9% of patients with breast or colon cancer (24, 31) . The additional use of immunohistochemical techniques with CEA or cytokeratin antibodies to examine nodes of colorectal patients in 15 reported series led to "upstaging" 0 to 68% of patients, with most studies (9 of 15) reporting that 25 to 39% of patients were upstaged. In 10 of 14 of these studies, the identification of metastases by immunohistochemical methods did not provide any prognostic significance for these patients (19 -24, 32) . Recent practice guidelines have called for a minimum of 12 nodes to be examined histologically with each colorectal cancer resection (30, 33). One report has documented that during the 1990s pathologists increased the number of nodes that were routinely examined after a colon resection, which has led to upstaging of patients (29) . This change in routine practice would most likely lessen the impact of using immunohistochemical techniques on additional node sections and may explain the wide variation in the clinical utility of reported series using immunohistochemistry to identify micrometastases. Noguchi et al. (34) also directly compared the sensitivity of RT-PCR and immunohistochemistry for the detection of micrometastases. Breast cancers and lymph nodes were tested for the presence of the MUC1 mucin protein by immunohistochemistry, and this was compared with detection of MUC1 mRNA by RT-PCR. They found 9 of 50 histologically negative lymph nodes from breast cancer patients to be positive for MUC1 protein by immunohistochemistry. In the remaining 41 lymph nodes, a total of 6 more nodes were found to be positive for MUC1 mRNA by RT-PCR. Immunohistochemical techniques are susceptible to lack of standards for node examinations, differences in staining technique and antibodies, and antibody cross-reactivity, which may contribute to the wide variation in results reported (19) . These data and the data in the present study highlight the increased sensitivity for detection of micro-metastases provided by RT-PCR compared with immunohistochemical analysis.
In conclusion, this is the largest reported series to date demonstrating the utility of real-time quantitative PCR for the detection of CEA transcripts in lymph nodes of patients with colorectal cancer. This technique is more sensitive than immunohistochemical techniques for CEA detection. In addition, quantitative PCR is more specific than standard RT-PCR because no nodes from patients with nonneoplastic colon disease and few nodes from patients with stage I cancers had quantifiable CEA transcripts. Furthermore, nodes that contain at least 1 ϫ 10 2 CEA transcripts were more likely in patients with T 3 N 0 or stage II disease, who can be expected to have a greater chance of recurrence. These data suggest that categorization of lymph node micrometastases by the quantity of CEA transcripts is a more accurate way to identify clinically relevant patient groups. Further studies should be performed with greater numbers of patients to establish the clinical utility of this technique.
